Various eco-design tools have been developed which can be classified into quantitative, semiquantitative, and qualitative tools. Practitioners are reluctant to utilize quantitative tools in light of their time-demanding nature. Among the qualitative tools, checklists are simple tools that allow a quick and effective evaluation and consideration of environmental impacts over the entire life cycle of a product. A profound and better understanding of eco-design checklists is needed so that practitioners can apply them appropriately to their product development context. Various types of eco-design checklists are analyzed in the present study based on their attributes and classified in a structured way for their efficient utilization in product development contexts.
서론
During last decades, due to increasing awareness on environmental impacts of products such as pollution, global warming, and green energy, companies have come to the conclusion that environmental performance of products will become a significant competitive advantage in the global market. Recently, a substantial shift in the product-based manufacturing companies has been taken place from the end-of-pipe solutions that are aimed at reducing the amount of harmful emissions to the environmental performance of products (Emzer et al., 2003) . In parallel to this shift, the product development practices are strongly highlighted because products affect the environment at many points over their entire life cycle from raw material acquisition to their end of life stage. However, when it comes to the context of new product development, environmental sustainability of products performs an essential role. It is of a major importance for addressing the environmental impacts of products' at the early stages of product development where decisions about products are not finalized and design concepts are still flexible to eliminate the environmental impacts. The Design Council (1997) indicates that since 80% to 90% of products' economic and environmental costs are determined at early stages, the environmental impacts of products are largely decided at the early stages of design. Although a more recent survey revealed that environmental aspects of products are mainly coped with at the later design stages, majority of companies recognize the need for early integration of environmental aspects (Backmar et al., 1998; Baumann et al., 2002; Bhamra et al., 1999) .
To improve the performance of a product, the concept and practice of eco-design has been developed which is the systematic consideration of design performance with respect to environment, health, and safety over the entire product life cycle. Note that both eco-design and design for environment (DFE) pursue the same objectives and are used interchangeably in accordance with specific contexts. Multifarious eco-design tools for analyzing environmental aspects of products have been developed (Finnveden and Moberg, 2005; Hojer et al., 2008) . The utilities of eco-design tools include (1) analysis and evaluation of environmental performance, (2) selection and definition of priorities for product design improvement, and (3) development of design guidelines and solutions. Eco-design generally can be classified in three categories: quantitative, semi-quantitative, and qualitative tools. The quantitative tools such as life cycle assessment (LCA) and cost-benefit analysis (CBA) are analytical and require a large amount of information, time, and efforts. Semi-quantitative tools such as MET Matrix, Boeing Process Environmental Matrix need somewhat large amount of data and are partially qualitative. Finally, qualitative tools such as checklists, guidelines, strategies, and network diagrams are simpler and require less information and time. Eco-design practitioners are reluctant to apply the quantitative tools in light of their time-and energy-demanding natures and complexity. As a matter of fact, a common LCA quite often needs quantified data which is not available at the earlier stages of product design process and the same holds true for semi-quantitative tools. In contrast, very few exploitable eco-design tools are available which can be applied at the early stages of product design. Among the qualitative tools, checklists are preferred for quick evaluation and consideration of environmental impacts over the entire life cycle of a product. Eco-design checklists are generally a set of items used for assessing a product from environmental viewpoints.
A better understanding on the characteristics of ecodesign checklists is necessary for their effective application in the product development context. Despite the fact that various eco-design checklists have been developed so far (Brezet and Lindhal et al. (2005) articulate that eco-design tools selection is unstructured and sometimes dependent on the specific tool's popularity rather than a real analysis of the need.
The present study aims to investigate and analyze various eco-design checklists from different perspectives and attributes and classify them in a structured way. Ecodesign checklists that have been developed were surveyed, and their characteristics were analyzed in depth, and a classification of eco-design checklists was proposed in the study for their proper application to early stages of product development. To analyze and classify checklists, the present study followed four major steps: (1) review of eco-design tools, (2) selection of eco-design checklists, (3) analysis of ecodesign checklists, and (4) classification of eco-design checklists.
접근 방법
Step 1: Review Existing Eco-Design Tools More than 100 eco-design tools in the literature were found and reviewed. As mentioned earlier in this article, these tools generally are categorized as quantitative, semi-quantitative and qualitative tools as displayed in Table 1 . Eco-design tools in each category could be further categorized based on the type of tools. For instance, the quantitative tools are categorized in three sub-groups: analytical, accounting-based, and input/output driven tools. 
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Step 2: Identify Applicable Tools at the Early Stages of Product Development Most of the eco-design tools are not applicable to the early stages of product development. Quantitative tools such as LCA need a plenty of quantified data that are not accessible at the early stages of product design and development. Semi-quantitative tools also are not applicable for this purpose because of their data-intensive nature. However, some qualitative tools can be utilized at the early stages of product development, and of them checklist tools are the best option for quick evaluation and consideration of environmental impacts through the whole life cycle of a product. Therefore, the research scope was narrowed down specifically to review, analyze and classify eco-design checklists for integration at the early stages of product development as shown in Figure 1 . Fig. 1 Selection of eco-design checklists for application to the early stages of product development
Step 3: Analyze Eco-Design Checklists Twenty-one eco-design checklists found in the literature were reviewed in-depth based on their attributes, characteristics, advantages, and shortcomings. Most of the checklists suffer from quantitative analysis which makes them inappropriate tools for application to the early stages of product development. In the critical analysis of this step, the following five essential questions were developed which must be addressed precisely to understand the characteristics of each single checklist before application: By answering to these questions as illustrated in Table 2 , eco-design practitioners can recognize their own specific needs in product development context. Step 4: Classify Eco-Design Checklists Through addressing the key questions developed in previous step, six main features and characteristics of eco-design checklists were identified: (1) assessing target, (2) coverage of life cycle, (3) qualitative screening, (4) quantitative screening by subjective evaluation, (5) quantitative screening by objective measurement, and (6) strategy and guidance. Consequently, these main features were used to classify the existing eco-design checklists.
결과
The outcome of the research approach through the four steps was the classification of eco-design checklists as shown in Table 3 . The existing checklists were analyzed based on the five key questions in the ecodesign checklist analysis stage (step 3) and then classified based on the 6 main features and characteristics identified in the eco-design classification stage (step 4). The screening features of the eco-design checklists include qualitative and quantitative parts since a couple of checklists provide quantitative screening in addition to qualitative screening. Note that checklists with less than 20 check items were categorized as rough and those with more than 20 check items as detailed. The same holds for the Guidance & Strategy part. A number indicated in parentheses indicates the number of check items for each checklist. This classification can be utilized to assist product designers to choose a proper eco-design checklist for application into their specific contexts of product development.
To apply the proposed checklist characterization, a company that intends to assess environmental aspects of its products must choose those checklists which have been developed for this target, i.e., assessing target is product. In the next step, from the life cycle perspective, proper checklists can be selected, i.e., covering the whole life cycle of products or just covering one single phase such as materials selection or end-of-life. The next step determines the type of data which is required to apply the checklist. The company must decide whether or not they prefer to use a quick and rough checklist; otherwise, they must use a more detailed checklist. The following step is the level of analysis by the tool which can be rough or detailed analysis. Finally, this classification requires the type of output data that the company desires to obtain. Few existing checklists provide this final step which includes eco-design guidance and strategies. 
결론
Eco-design can be described as the systematic integration of environmental aspects into the product development process with the aiming of eliminating environmental impacts. The most effective way to control the environmental performance of a product is early integration of eco-design tools in the product development stage. Various eco-design tools have been developed, but most of them are impracticable for application to the early stages of product development due to limited available information. Consequently, eco-design checklists are the most useful and practical tools for this purpose. In light of lacking a systematic way to understand the usability of eco-design checklists in the literature, the present study investigated and analyzed eco-design checklist in depth, and broke down the existing checklists in regarding their features and characteristics. Finally, this research classified the existing checklists in a structured way based on their main attributes.
The analysis of the eco-design checklists indicates the major focus and shortages the checklists. First, the focus of most of the checklists was found on the whole life cycle of a product, and there are just two types of existing checklists focused on materials selection and end-of-life. Second, most of the checklists suffer from objective measurement in quantitative screening which might stem from the qualitative nature of checklists. Finally, few of the checklists provide strategy and guidelines for designers, which can be a major shortage of the checklists since not only the evaluation of products in terms of environmental impacts is what product designers look for, but also they seek for solutions to address those impacts efficiently.
As future research, a guidance system of eco-design checklists can be developed to extend the proposed checklist characterization and applied to a real product case study. An eco-design guidance system would be useful to guide product designers what eco-design checklists are most beneficial in their specific design contexts at the early stages of product development process. 
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